immunolocalization of MPP6 in small intestinal epithelial cells was similar between 4.1B −/− mice and 4.1B +/+ mice. In the immunoprecipitation study, another MAGUK family protein, calcium/calmodulin-dependent serine protein kinase (CASK), was shown to molecularly interact with MPP6. Thus, we herein showed the immunolocalization and interaction proteins of MPP6 in the mouse small intestine, and also that 4.1B in epithelial cells was not essential for the sorting of MPP6.
Introduction
Membrane-associated guanylate kinases (MAGUKs) are cytoplasmic scaffolding proteins that are defined by the presence of three characteristic domains: PSD-95/DLG/ ZO-1 (PDZ), Src homology 3 (SH3), and guanylate kinase (GUK) domains (Dimitratos et al. 1999; Reissner and Missler 2014) . In the mouse small intestine, a member of the MAGUK family, calcium/calmodulin-dependent serine protein kinase (CASK), which forms a molecular complex with the scaffolding protein Lin-7 (Straight et al. 2006) , was reported to be expressed at the lateral portion of epithelial cells (Cohen et al. 1998) . CASK has been shown to bind to another MAGUK protein, Dlg (disks large), which is required for the proper formation of adherens junctions and also acts as a tumor suppressor (Nix et al. 2000; Lozovatsky et al. 2009; Roberts et al. 2012) . Thus, MAGUK proteins are involved in diverse cellular processes such as cell-cell adhesion, cell polarity, and signal transduction (Reissner and Missler. 2014) .
Abstract
The membrane protein palmitoylated (MPP) family belongs to the membrane-associated guanylate kinase (MAGUK) family. MPP1 interacts with the protein 4.1 family member, 4.1R, as a membrane skeletal protein complex in erythrocytes. We previously described the interaction of another MPP family, MPP6, with 4.1G in the mouse peripheral nervous system. In the present study, the immunolocalization of MPP6 in the mouse small intestine was examined and compared with that of E-cadherin, zonula occludens (ZO)-1, and 4.1B, which we previously investigated in intestinal epithelial cells. The immunolocalization of MPP6 was also assessed in the small intestines of 4.1B-deficient (−/−) mice. In the small intestine, Western blotting revealed that the molecular weight of MPP6 was approximately 55-kDa, and MPP6 was immunostained under the cell membranes in the basolateral portions of almost all epithelial cells from the crypts to the villi. The immunostaining pattern of MPP6 in epithelial cells was similar to that of E-cadherin, but differed from that of ZO-1. In intestinal epithelial cells, the immunostained area of MPP6 was slightly different from that of 4.1B, which was restricted to the intestinal villi. The Akio Kamijo and Yurika Saitoh have contributed equally to this work.
In addition to the PDZ, SH3, and GUK domains, some MAGUK proteins contain a HOOK domain between the SH3 and GUK domains, and this domain interacts with membrane skeletal 4.1 proteins (Hanada et al. 2003) . Four 4.1 family members have been identified, 4.1R, 4.1B, 4.1G, and 4.1N, and are characterized by three domains: 4.1/ezrin/radixin/moesin (FERM), spectrin-actin binding (SAB), and C-terminal domains (Baines et al. 2013 ). The 4.1 proteins link intramembranous proteins to the cytoskeleton including membrane skeletons and microfilaments, and also associate with various cytoplasmic signaling effectors involved in the maintenance of cell adhesion, motility, and proliferation (Wang et al. 2014) . In rodent intestinal epithelial cells, we previously reported that a 4.1 family member, 4.1B, was immunolocalized in the basolateral portions with gradual increases in the staining intensity from the crypts to the villi Ohno et al. 2004) .
The membrane protein palmitoylated (MPP) family is a member of the MAGUK family, which has a HOOK domain and Lin-2/7-binding L27 domain in addition to the PDZ, SH3, and GUK domains, and seven members have been identified to date (te Velthuis et al. 2007 ). In erythrocytes, MPP1 (also termed p55) was shown to interact with the 4.1 family protein, 4.1R, via the HOOK domain to bind to spectrin-actin networks and stabilize membrane integrity (Alloisio et al. 1993) . MPP2 is known to act as an inhibitory factor for c-Src, which regulates cell proliferation and migration (Baumgartner et al. 2009) . A previous study reported that MPP3 formed a complex with cell adhesion molecule 1 (CADM1) (Murakami et al. 2014 ) and functioned as a tumor suppressor in the lung (Fukuhara et al. 2003) . MPP4 is known to be preferentially expressed in the synaptic terminals of photoreceptors and interacts with Veli-3 and postsynaptic density protein (PSD)-95 (Dlg4), playing a crucial role in their turnover and scaffolding Yang et al. 2007 ). MPP5 [also termed protein associated with Lin-7 (Pals)-1] has been shown to localize as scaffolding complexes at tight junctions (Roh et al. 2002) , forms a complex with zonula occludens (ZO)-1, crumbs (Crb), Pals1-associated tight junction protein (PATJ), and multi-PDZ domain protein (MUPP)-1, and is required for the sorting of Crb1 Park et al. 2011) . MPP6 [also termed Pals-2, Veli-associated MAGUK (VAM)-1, and p55T] was identified as a mammalian homologue of Lin-7 (mLin-7)-binding protein (Tseng et al. 2001) and is considered to play a role in the targeting of some binding proteins. In the Schwann cells of the mouse peripheral nervous system (PNS), we demonstrated that MPP6 was localized in a specific apparatus of myelin, the Schmidt-Lanterman incisures (SLIs) (Terada et al. 2012; Kamijo et al. 2014) , while 4.1G had an essential function in the sorting of MPP6 to the cell membranes (Terada et al. 2012) . On the other hand, although MPP6 was localized at the cell membranes in germ cells and Sertoli cells in mouse seminiferous tubules, 4.1G and 4.1B were not essential for the sorting of MPP6 (Terada et al. 2012) . We also previously showed the molecular complex of 4.1G and MPP6 with c-Src in SLIs, and that the phosphorylation of c-Src was altered in 4.1G-deficient (−/−) mouse sciatic nerves . Thus, it is of interest to examine interactive targeting mechanisms among the MAGUK proteins themselves and 4.1 family proteins.
In the present study, we investigated the immunolocalization of MPP6 in typical simple columnar epithelial cells of the mouse small intestine by comparing the localization of adherens and tight junctions with double immunostaining of MPP6 with E-cadherin and ZO-1. Since the immunolocalization of MPP6 was found to be partially related to that of 4.1B, we hypothesized that 4.1B functions in the sorting of MPP6, similar to the MPP6-4.1G interaction in PNS. We used 4.1B-deficient (−/−) mice to investigate the relationship between MPP6 and 4.1B. We also hypothesized that an interaction exists between MPP6 and one of the previously reported MAGUKs, CASK (Cohen et al. 1998) and evaluated this in an immunoprecipitation study.
Materials and methods

Animals
All experimental animal procedures were approved by the Shinshu University Graduate School of Medicine and University of Yamanashi Institutional Animal Care and Use Committee. The generation of the 4.1B −/− mouse was previously described (Ohno et al. 2009 ). Adult wild-type (4.1B +/+ ) and 4.1B −/− mice were anesthetized with sodium pentobarbital (50 mg/kg body weight) and processed for the following preparation steps.
Western blotting
The small intestines of 4.1B +/+ or 4.1B −/− mice were homogenized in TENT buffer (40 mM Tris-HCl [pH 7.4], 150 mM NaCl, and 1 mM ethylene glycol tetraacetic acid (EGTA)) containing 0.5 % Triton X-100 (Wako, Osaka, Japan) or Laemmli sample buffer with 5 % protease inhibitor cocktail (Sigma, St. Louis, Missouri, USA). Supernatants were obtained by centrifugation at 16,000 rpm for 10 min, and their protein concentrations were adjusted (BCA Protein Assay Kit; ThermoSci, Rockford, IL, USA) and mixed with Laemmli sample buffer. Following sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), Western blotting was performed with a 1 3 rabbit-polyclonal anti-MPP6 (ATLAS Antibodies, Stockholm, Sweden), anti-4.1B (ProteinExpress, Chiba, Japan), anti-4.1G (ProteinExpress) or anti-4.1N (ProteinExpress) antibody (Ab) and chemiluminescence system (ThermoSci).
Perfusion fixation followed by sucrose embedding
The hearts of some anesthetized mice were perfusion-fixed with 2 % paraformaldehyde in 0.1 M phosphate buffer (PB; pH 7.4). The small intestines were collected, immersionfixed in the same fixative at 4 °C for 1 h, rinsed in phosphate-buffered saline (PBS), immersed in 30 % sucrose, 5 % glycerol in PBS at 4 °C overnight, embedded in optimum cutting temperature (OCT) compound (Sakura Finetechnical, Tokyo, Japan), and then frozen with isopentane pre-cooled in dry ice.
In vivo cryotechnique (IVCT) followed by freeze-substitution fixation (FS)
The small intestines of anesthetized mice were exposed and carefully placed on an aluminum sheet, and isopentane-propane cryogen (−193 °C) precooled in liquid nitrogen was directly poured over them, as described previously (Shimo et al. 2010) . The frozen small intestines were removed with a dental electric drill in liquid nitrogen and processed for FS in acetone containing 2 % paraformaldehyde at −80 °C for 48 h, and at −30, −10, and 4 °C for 2 h each. They were treated with pure acetone and xylene and finally embedded in paraffin wax.
Immunostaining for light microscopic observations
Cryosections (6-8 μm thick) were obtained using a cryostat machine and infiltrated into PBS containing 0.1 % Triton X-100. Paraffin-embedded small intestines were sectioned on a microtome at a thickness of 5 μm and deparaffinized with xylene. These sections were boiled using a microwave oven (200 W) for 4 min in citrate buffer solution (pH 6) for heat-induced epitope retrieval. They were treated with hydrogen peroxide, followed by normal goat or donkey serum, and incubated with a rabbitpolyclonal anti-MPP6, anti-4.1B, anti-4.1G, anti-4.1N, or rat-monoclonal anti-E-cadherin (Takara Bio Inc., Shiga, Japan) Ab at 4 °C overnight. They were treated with a biotinylated goat-polyclonal anti-rabbit or donkey-polyclonal anti-rat IgG Ab (Vector, Burlingame, CA, USA) at RT for 1 h and then with a horseradish peroxidase-labeled avidin-biotin complex (ThermoSci) at RT for 1 h. Sections were then visualized by a metal-enhanced diaminobenzidine (DAB) method (ThermoSci), treated with 0.04 % osmium tetroxide (OsO 4 ) solution for 60 s, and observed under a light microscope.
Immunostaining for fluorescence microscopic observations
Regarding double immunofluorescence staining for MPP6 with E-cadherin or ZO-1, some cryosections were simultaneously incubated with rabbit-polyclonal anti-MPP6 and rat-monoclonal anti-E-cadherin or anti-ZO-1 (Millipore, Darmstadt, Germany) Abs at 4 °C overnight. They were treated with Alexa Fluor 594-conjugated goat anti-rabbit IgG and Alexa Fluor 488-conjugated goat anti-rat IgG Abs (Cell Signaling, Carlsbad, CA, USA) at RT for 1 h and then observed under a fluorescence microscope or confocal laser scanning microscope (CLSM; Carl Zeiss, Jena, Germany).
Pre-embedding immunoelectron microscopy
Conventional pre-embedding immunoelectron microscopy was performed on the mouse small intestine. After the immunostaining of cryosections for MPP6, the sections were fixed with 0.25 % glutaraldehyde in PB for 10 min and visualized by the DAB method. They were additionally treated with 1 % OsO 4 in PB for 20 min, dehydrated with a graded series of ethanol, and embedded in epoxy resin by the inverted gelatin capsule method. Ultrathin sections (70 nm thick) were obtained on copper grids, stained with uranyl acetate for 10 s, and observed under an electron microscope at an accelerating voltage of 80 kV.
Immunoprecipitation study
Tissue lysates were obtained from the mouse small intestine supernatant by homogenization in TENT buffer containing protease inhibitor cocktail and centrifugation at 12,000g at 4 °C for 10 min. The lysates were treated with protein G-Sepharose (GE Healthcare, Piscataway, NJ, USA) at 4 °C for 2 h to remove proteins such as original mouse IgGs. They were then incubated with the same anti-MPP6 Ab that was used in the immunohistochemical experiment at 4 °C for 3 h. Immunoprecipitated molecular complexes were obtained with protein G-Sepharose at 4 °C for 1 h. The proteins were eluted from the Sepharose beads by boiling in Laemmli sample buffer and then subjected to SDS-PAGE and a Western blotting analysis with a mouse-monoclonal anti-CASK Ab (NeuroMab, Davis, CA, USA).
Results
Western blotting of MPP6 in the mouse small intestine
We examined MPP6 in the mouse small intestine by Western blotting (Fig. 1) . The 55-kDa line, the predicted molecular weight of MPP6, was obtained. The molecular weight of MPP6 in the small intestine was slightly smaller than that in the sciatic nerve. The line at 35-kDa line was supposed to be unspecific reaction of the antibody, which was previously confirmed in sciatic nerve fibers of the 4.1G −/− mouse (Terada et al. 2012 ).
Immunolocalization of MPP6 in the mouse small intestine
The immunolocalization of MPP6 was examined in the mouse small intestine treated with perfusion fixation or IVCT-FS with a bright-field light microscope (Fig. 2) . MPP6 immunoreactivity was detected as line patterns in almost all simple columnar epithelial cells extending from the crypts to the villi (Fig. 2a-c) . MPP6 immunoreactivity was also detected in Auerbach's plexus (Fig. 2d) and may have represented enteric glia (i.e., a type of Schwann cell) (Chen et al. 2011) . At a higher magnified view, MPP6 was mainly detected in the basolateral portions (white arrow and black arrows in Fig. 2b, c ) of epithelial cells. Since the translocation of soluble proteins is known to easily occur with the conventional perfusion fixation method Kamijo et al. 2014) , the immunolocalization of MPP6 was also evaluated with the IVCT-FS method (inset in Fig. 2a, f) . The immunolocalization of MPP6 in the small intestine was also observed in the basolateral portions with IVCT-FS.
Immunoelectron microscopic localization of MPP6 in epithelial cells
Pre-embedding immunoelectron microscopy was performed to more precisely examine the immunolocalization of MPP6 in the epithelial cells of intestinal villi (Fig. 3) . DAB-reactive immunodeposits were detected as small dots under the cell membranes in the lateral portion of epithelial cells (Fig. 3a-c) . In microvilli as well as under membranes of the apical portion, the number of immunodeposits was markedly smaller than that in the lateral portion. Under the cell membranes at tight junctions (asterisks in Fig. 3a, b) , immunodeposits were weakly observed near membranes; however, immunodeposits were rarely detected in deep areas. In goblet cells, the immunoreactivity of MPP6 was weaker than that in absorptive epithelial cells (arrowhead in Fig. 3c ). Although immunodeposits were also detected at the basal portion (Fig. 3f) , the number observed was smaller than that in the lateral portion (Fig. 3e ).
Double immunostaining of MPP6 and E-cadherin in the mouse small intestine
We compared the immunostaining patterns of MPP6 and E-cadherin (Fig. 4) . E-cadherin is a well-known adhesion molecule in intestinal epithelial cells (Bondow et al. 2012 ).
The immunostaining pattern of MPP6 in epithelial cells (Fig. 4a-c ) was similar to that of E-cadherin ( Fig. 4d-f) . By double immunostaining and subsequent observations with a confocal laser scanning microscope (CLSM), merged color images of MPP6 and E-cadherin were obtained at the basolateral portions ( Fig. 4o-r) . In the epithelial cells of crypts, the area of MPP6 immunolocalization was slightly wider in the cytoplasm than that of E-cadherin immunolocalization ( Fig. 4j-r) . Differences in immunolocalization in the cytoplasm between villi and crypts were confirmed by comparing MPP6 immunostaining and DAPI nuclear staining ( Fig. 4s-x) . These results indicated that MPP6 was immunolocalized at the lateral and basal portions of epithelial cells, similar to E-cadherin.
Double immunostaining of MPP6 and ZO-1 in the mouse small intestine
In order to evaluate the localization of MPP6 at tight junctions, the immunolocalization of the tight junctional protein, ZO-1, was compared with that of MPP6 using CLSM (Fig. 5) . ZO-1 was immunolocalized at the top of the lateral portion. Merged images of MPP6 and ZO-1 showed little overlap (Fig. 5c, g ). By combining with the immunoelectron microscopy, as demonstrated in Fig. 3 , we assumed that small amounts of MPP6 were localized at the tight junctions. We previously reported the immunolocalization of the membrane skeletal protein, 4.1B, in the intestinal epithelial cells of the mouse small intestine Ohno et al. 2004 ). 4.1B immunoreactivity was detected under the cell membranes in the basolateral portions. We also demonstrated that another membrane skeletal protein, 4.1G, played an essential role in MPP6 sorting to cell membranes in Schmidt-Lanterman incisures in mouse sciatic nerve fibers (Terada et al. 2012 ). Since 4.1G and 4.1B are both members of the 4.1 protein family, we determined whether the localization of MPP6 was affected by the deletion of 4.1B in the 4.1B −/− mouse small intestine (Fig. 6 ).
Whereas MPP6-positive epithelial cells were detected not only in the villi (Fig. 6b) , but also the crypts of 4.1B +/+ mice (Fig. 6c) , 4.1B-positive epithelial cells were mainly observed in the villi (Fig. 6d-f) , as reported previously . A comparison of MPP6 immunoblotting for the same amount of tissue lysate from 4.1B +/+ and 4.1B −/− mouse small intestines revealed that the intensity of the 55-kDa line was not different (Fig. 6g) . The macro-and microscopic structural appearances of the small intestine in the 4.1B −/− mouse were not significantly different from those in the 4.1B +/+ mouse. Furthermore, the MPP6 immunostaining pattern in the villi (Fig. 6i) , crypts (Fig. 6j) , and nerve plexus (Fig. 6k) of the 4.1B −/− mouse small intestine was indistinguishable from that of the 4.1B +/+ mouse. These results indicated that 4.1B was not Since the MPP6 immunostaining pattern was not changed in the 4.1B −/− mouse small intestine, we determined whether other 4.1 family proteins compensate for the function of 4.1B. 4.1G was immunostained in Auerbach's plexus, as reported previously (Fig. 7e) (Chen et al. 2011 ). 4.1N was specifically immunostained in Auerbach's plexus and connecting nerve fibers (Fig. 7h) . 4.1G and 4.1N were rarely detected in the epithelial cells of the villi, whereas 4.1G was weakly immunolocalized in the cytoplasm of epithelial cells in the crypts. In 4.1B −/− mice, the immunostaining patterns for 4.1G (Fig. 7i-k) and 4.1N (Fig. 7l-n) were not significantly different from those in normal mice. Furthermore, Western blotting revealed that the intensities of lines for 4.1G (150-kDa) and 4.1N (100-and 90-kDa) were similar in 4.1B +/+ and 4.1B −/− mice (Fig. 7o) . These results indicate that 4.1G and 4.1N are not involved in compensating for the function of 4.1B.
Interaction between MPP6 and CASK
CASK was previously shown to be localized in the epithelial cells of the mouse small intestine (Cohen et al. 1998 ). On the other hand, another MAGUK family member, Dlg1, reportedly interacted with CASK (Nix et al. 2000) . Therefore, we examined the interaction between CASK and MPP6 in an immunoprecipitation study. The cell lysate of the small intestine was immunoprecipitated with the same anti-MPP6 antibody as that used for immunohistochemistry in a, b) , the number of immunodeposits was markedly smaller than that at the lateral portion. LP lamina propria, MV microvilli, Nu nucleus and immunoblotted for CASK. As shown in Fig. 8 , the line corresponding to the predicted molecular weight of CASK appeared in the MPP6 immunoprecipitates, indicating a molecular interaction between MPP6 and CASK.
Discussion
In the present study, we examined the immunolocalization of MPP6 in the mouse small intestine and detected it in the basolateral portions of epithelial cells, as shown in Figs. 2 and 3 . The immunostaining pattern of MPP6 was similar to that of E-cadherin, as shown in Fig. 4 . E-cadherin is a calcium-dependent cell adhesion molecule (Takeichi 1991) , and its loss was previously reported to disturb cell-cell contact and the intestinal epithelial barrier (Hermiston and Gordon 1995) . Furthermore, the structure of the villi and shape of epithelial cells were changed in the E-cadherin knockout mouse small intestine (Bondow et al. 2012 ). E-cadherin was also required for providing mechanical integrity to epithelial cells and was found to be a prerequisite for the proper maturation of Paneth and goblet cells (Schneider et al. 2010 ). E-cadherin directly binds to β-catenin (Huber et al. 1997) , which was shown to bind to Lin-7 (Perego et al. 2000) . MPP6 (Pals-2) was originally identified as a binding molecule of Lin-7 (Kamberov et al. 2000) . In addition, one of the MAGUK family members, Dlg, formed a complex with β-catenin (Subbaiah et al. 2012 ). However, we have not yet detected the interaction of E-catenin and β-catenin with MPP6 in an mouse small intestine, MPP6 immunostaining was detected in the basolateral portion of epithelial cells from the crypts to the villi (i, j), as well as in the nerve plexus (k). ML muscular layer, SM submucosa immunoprecipitation study (data not shown). Since another cell adhesion molecule (CADM) family member was also reported to interact with MPP family proteins (Yageta et al. 2002; Murakami et al. 2014) , it is considered important to identify the actual adhesion molecules that bind to MPP6 in future studies.
MPP5 (Pals-1) and MPP6 (Pals-2) have similar amino acid sequences and both bind to Lin-7 ; therefore, we compared the immunolocalization of ZO-1 with that of MPP6, as shown in Fig. 5 . ZO-1 is also a member of the MAGUK family and mainly acts as a scaffolding protein at tight junctions (Hartsock and Nerson 2008) by binding several proteins such as occludin (Fanning et al. 1998) , α-catenin (Itoh et al. 1997) , and F-actin (Fanning et al. 1998) . Although MPP5 was reported to colocalize with ZO-1 at tight junctions (Roh et al. 2002) , MPP6 was rarely detected in this study, as shown in Figs. 3 and 5.
We previously reported that 4.1B was immunolocalized under the cell membranes in the basolateral portions of mouse intestinal epithelial cells, and its expression was gradually increased during the movement of epithelial cells -8), 4.1N (lanes 9-12) , and actin (lanes 13-16) in 4.1B +/+ and 4.1B −/− mouse small intestines from the crypts to the villi Ohno et al. 2004) . Previous studies demonstrated that MAGUK family proteins bound to 4.1 family members via the HOOK domain (Lue et al. 1994; Marfatia et al. 1995; Cohen et al. 1998; Hanada et al. 2003) . In addition, the localization of MPP6 was dependent on 4.1G in the mouse peripheral nerve (Terada et al. 2012) . Therefore, we hypothesized that one function of 4.1B was in the sorting of MPP6 in epithelial cells. However, the amount and immunostaining pattern of MPP6 in the small intestine of the 4.1B −/− mouse was not changed, as shown in Fig. 6 , indicating the nonessential function of 4.1B in MPP6 sorting. The other protein 4.1 family members, 4.1G and 4.1N, did not appear to compensate for the function of 4.1B in 4.1B −/− epithelial cells. Since 4.1R was previously reported to be expressed in the mouse small intestine (Liu et al. 2013) , an examination of the cooperative functions of 4.1R is of interest. As shown in Fig. 1 , immunoblotting revealed that the molecular weight of MPP6 in the small intestine was slightly different from that in the sciatic nerve; therefore, further studies are needed in order to determine whether this difference is related to the affinity of MPP6 to 4.1 family proteins including 4.1B and 4.1G.
In the present study, we showed that a molecular interaction existed between MPP6 and CASK, as shown in Fig. 8 . CASK was previously reported to interact with Dlg1 and Lin-7 , and the deletion of CASK in intestinal epithelial cells led to the mislocalization of Dlg1 and Lin-7c (Lozovatsky et al. 2009 ). Therefore, it is of interest to investigate whether the localization of MPP6 is also affected by CASK and/or Dlg1, which determine the molecular interdependence and sorting mechanism of scaffolding protein complexes including MPP6 in intestinal epithelial cells.
In Drosophila, varicose, a homologue of mammalian MPP6, was shown to be required for the production of septate junctions, which play a role in the paracellular barrier (Moyer and Jacobs. 2008) . Varicose was also found to be a prerequisite for the accumulation of the tracheal sizecontrol proteins, vermiform and serpentine, which limit tracheal tube elongation (Lusching et al. 2006; Bachmann et al. 2008; Wu et al. 2008) . Therefore, it is important to further evaluate the function of MPP6 in the epithelial cells of vertebral tissues, such as intestinal tissues, as demonstrated in the present study. An analysis of MPP6 knockout or knockdown mice is considered beneficial for obtaining a better understanding of the significance of the localization of MPP6. 
